A facile one step solvothermal method is designed for the synthesis of visible light-sensitive ZnO-nitrogen doped graphene (ZNG) nano photocatalysts using ethylene glycol as a solvent as well as an agent to prevent aggregation of graphene layers. The deposition of ZnO nanoparticles onto the NG layers was confirmed by high resolution transmission electron microscope (HR-TEM), scanning electron microscope (SEM), powder X-ray diffraction (XRD), and Fourier transform infrared spectroscopy (FTIR). UV-Vis spectroscopy (UV-Vis) was used to study the enhanced photocatalytic activity, which shows the red-shift of the band-edge as compared to ZnO nano particles. The enhancement in photocatalytic activity is possibly due to the synergistic effect of improved adsorptivity of dyes, enhanced visible light absorption and effective charge separation.
Introduction
The visible light degradation of organic pollutants have attracted the attention of the scientific community worldwide due to the various reasons such as better efficiency, easy to operate and non toxic byproducts. [1] [2] [3] [4] [5] [6] The process of photocatalysis takes place by the absorption of light by the photocatalysts such as ZnO and TiO 2 and thereby promoting the electrons from valence band to the conduction band and forming the electron and hole pairs in the structure. [7] [8] [9] The produced electron-hole pairs can move and start the various redox reactions involving water and oxygen and thus cause the degradation of organic molecules. However, the recombination of electrons and holes can lower the performance of photocatalyst ZnO. 10 In order to make the catalyst more effective, the recombination of electron and hole must be hindered. Various experiments have been conducted to prevent the recombination of electron and hole by combining the photocatalyst with the other materials such as non reactive metals 11, 14 and semiconductors. 15, 16 In addition, it has been found that deposition of semiconductor photocatalysts on a co-adsorbent surface such as mesoporous materials, zeolites, alumina, silica or carbon based materials may enhance the photocatalytic activity of photocatalysts. [17] [18] [19] [20] [21] Among the various materials, carbon based materials are of great importance due to their excellent electronic properties, adsorption capacity and unique structure. The carbon based materials include activated carbon, graphene and carbon nanotubes. [21] [22] [23] [24] [25] [26] [27] Graphene is a two-dimensional monolayer network of conjugated carbon atoms having sp 2 -hybridization between the atoms. [28] [29] [30] [31] [32] Graphene has many advantages as compared to the carbon nanotubes (CNTs) such as high surface area and excellent adsorption on the surface of adsorbent. Graphene possesses the excellent electrical, thermal and mechanical properties by virtue of which it is used in the diverse areas and also as electrode materials for electrochemical capacitor. [31] [32] [33] [34] Ho wever, despite all these facts graphene has to undergo some structural transformation to be used for many other applications. 35 The doping of graphene with the heteroatom (i.e, N-atom) can enhance the electron mobility and causes the larger capacitance. All these properties are attributed to the atomic size and strong valence bonds of nitrogen atoms. 36 In the recent years, nitrogen doped graphene (NG) has received much importance 37, 38 41 and liquid crystalline displays. 42 It has been thought that composite of ZnO with graphene is a perfect candidate to have the excellent photocatalytic performance due to the conjugated structure of graphene which help in the separation of charge in the photocatalysis process. ZnO-graphene nanohybrids have been synthesized having regularly arranged ZnO nanorods on the graphene sheets possessing the high electrical property and excellent optical transmittance. 43 Lv and co-workers have proposed ZnO-RGO hybrid composites by using a microwave synthesis system, resulting in improved degradation of methylene blue dye. 44 Zheng et al. have employed chemical vapour deposition technique to synthesize the ZnO-graphene composite with exceptional field emission properties. 45 ZnO-graphene thin films have the good capactive properties which are prepared by ultrasonic spray pyrolysis. 46 However, the conditions that are used in all these processes are complex and can be carried out at high temperature only. The solution based processes are proved better as compared to the physical methods as they are cost effective for the fabrication of ZnO nanoparticles and its graphene based composites. 20, 47 Here in this study, a simple one step synthetic approach is explored for the synthesis of ZnO-NG nano composites with the varying amounts of NG using ethylene glycol as a solvent. The ethylene glycol inhibits the aggregation of reduced nitrogen doped graphene sheets. In the further study, the photocatalytic activity of the ZnO-NG for degradation of organic dye methylene blue was investigated and the obtained results were compared with naked ZnO nano particles. The effect of concentration of NG on the photocatalytic property of ZnO-NG composites for degradation of methylene blue dye was investigated in detail.
Experimental

1. Synthesis of Graphene Oxide (GO)
Graphene oxide (GO) was synthesized from 99.99% pure natural graphite powder flakes, by modified Hummer's method. 48 In this method, 3 g graphite powder flakes were added into 40 mL mixture of concentrated H 2 SO 4 and H 3 PO 4 (9:1) maintained at 0 °C. To this mixture, 18g KMnO 4 was added in small installments under vigorous stirring. The reaction mixture was stirred for 2 h below 10 °C and then for another 1 h at 35 °C. After that the mixture was diluted with 100 mL of deionised water (DI) and stirred for 1 h in an ice bath to prevent overheating of reaction mixture. Then the residual KMnO 4 present in the reaction mixture was reduced by adding 20 mL of 30% H 2 O 2 . The brilliant yellow colored solution was obtained. The reaction mixture was washed with 5% HCl aqueous solution to remove the metal ions followed by washing with deionised water to counteract the acidic nature of the solution until its pH value reaches 6. The reaction mixture was centrifuged and obtained product was further purified by sonicating its dispersion in deionised water for 1 h. Finally, the product was centrifuged and dried at 60 °C for 24 h.
Synthesis of Nitrogen Doped Graphene (NG)
Nitrogen doped graphene (NG) was synthesized by the pyrolysis of prepared graphene oxide (GO). 0.5 g GO and 0.6 g urea were dissolved in 30 mL ethanol and sonicated for 30 min to form the homogenous solution. Then the solution was heated at 60 °C to evaporate the solvent. The as obtained black mixture was grounded finely and heated at 350 °C in the muffle furnace at a heating rate of 5 °C/min for 12 h. The obtained black powder was washed with ethanol and dried in oven at 60 °C for 24 h.
ZnO-NG composites were prepared via hydrothermal method by varying the content of NG as 10, 20, 30, 40 and 50 mg. Briefly, purified NG with different weight contents as mentioned were dispersed in 15 mL of ethylene glycol (EG) by ultrasonication treatment for 2 h, labelled as solution A. Two separate solutions of zinc acetate [Zn(CH 3 COO) 2 ] and sodium hydroxide (NaOH) were prepared by dissolving 20 mg Zn(CH 3 COO) 2 and 10 mg NaOH in 10 mL of EG, labelled as solution B and C respectively. Solution B and C are added to solution A and stirred for 1 h to obtain a homogenous suspension. The suspension was transferred to a 50 mL Teflon-lined stainless steel autoclave and maintained at 160 °C for 24 h for the deposition of ZnO simultaneously. Finally, the resultant composite was centrifuged and washed with DI water followed by ethanol and dried at 70 °C for 24 h. Pure ZnO was also prepared by the same method under similar conditions. The as-prepared ZnO-NG composites with 20, 30, 40, 50 mg of NG were labelled as ZNG-1, ZNG-2, ZNG-3 and ZNG-4 respectively.
4. Spectroscopic and Microscopic Measurements
The phase and size of the as prepared samples were determined from powder X-ray diffraction (PXRD) using D8 X-ray diffractometer (Bruker) at a scanning rate of 12° min -1 in the 2θ range from 10° to 80°, with Cu Kα radiation (λ = 0.15405 nm). Scanning electron microscopy (SEM) micrographs of the samples were recorded on FEI Nova Nano SEM 450. High Resolution Transmission Electron Microscopy (HRTEM) was recorded on Tecnai G2 20 S-TWIN Transmission Electron Microscope with a field emission gun operating at 200 kV. The samples for TEM measurements were prepared by evaporating a drop of the colloid onto a carbon coated copper grid. The infrared spectra were recorded on Shimadzu Fourier Transform Infrared Spectrometer (FT-IR) over the range of wave number 4000-400 cm -1 and the standard KBr pellet technique was employed. All the measurements were performed at room temperature.
5. Photocatalytic Measurements
The catalytic activity of the as synthesized sample was performed by degradation of organic dye methylene Blue (MB) under the irradiation of visible light. For the Photo irradiation 500 W xenon lamp was used fitted with UV cut-off filters (JB450) in order to completely remove any radiation below 420 nm ensuring the exposure to only visible light. The whole procedure was performed at 25 °C. A 100 mL of MB dye solution was prepared (20 mg/L concentration) and 0.025 g of photocatalyst was mixed with dye solution. The resulting mixture was stirred for 1 h before illumination in order to establish the adsorption and desorption equilibrium between MB and catalyst surface. At the same time instant of time 5 mL of dye-catalyst mixture was taken out and concentration of the residual dye was determined with the help of UV-vis spectroscopy by measuring the absorption at 664 nm. The absorbance of dye in presence of different catalysts (ZNG-1, ZNG-2, ZNG-3 and ZNG-4) at 664 nm was monitored after fixed intervals of time. The absorbance of dye in presence of pure ZnO at same time intervals was also recorded for reference.
Results and Discussion
1. PXRD Measurements
The structural characterization of the nanoparticles has been carried out by Powder X-ray diffraction technique using CuKα radiation. The PXRD spectrum of GO, NG, ZnO, ZNG-1, ZNG-2, ZNG-3 and ZNG-4 composite materials are shown in the Figure. 1 and Figure. 2. Figure. 1a, b show the differences of phase composition between GO and NG. The doping of nitrogen in GO can be shown easily by PXRD spectrum. The X-ray diffraction pattern of GO ( Figure. 1a) shows one characteristic peak (2θ°) at 10.3°. The PXRD pattern of NG shown in Figure. 36-1451 ). 49 The reduction of nitrogen doped graphene takes place by the alcohol in the hydrothermal conditions so no peak corresponding to (002) plane is visible in the composite. It can also be attributed to efficient exfoliation of the NG sheets in the resultant composites so this reason can be given disappearance of the NG patterns in the XRD spectrum of ZnO/NG composites. where, L (nm) is the crystallite size, λ (nm) is the wavelength of the Cu Kα radiant, λ = 0.15405 nm, β(°) is the full-width at half-maximum (FWHM) of the diffraction peak, θ is the diffraction angle and K is the Scherrer constant equal to 0.89. All the major peaks were used to calculate the average crystallite size of the ZnO and ZnO/NG nanoparticles. The estimated average crystallite sizes of nanoparticles are in the range of 80-120 nm.
2. FT-IR Characterization
FTIR spectra of GO, NG was shown in Figure. 3a, b. There are many O-containing groups that exist on GO sheets, such as hydroxyl, epoxy, and carboxyl groups. Majority of the O-containing groups will disappear after reduction. FTIR bands at 1050, 1220, 1405 and 1730 cm -1 were observed for GO. These bands correspond to C-O stretching, C-O-C stretching, O-H deformation vibration and C=O carbonyl stretching. 50 FTIR bands at 1400 cm -1 due to C=C stretching is observed in NG and the ν (C=O) band at 1730 cm -1 completely disappeared due to reduction. The bands located at 1180 and 1565 cm -1 in Figure. 3b are assigned to the ν (C-N) and ν (C=C) respectively. The FTIR spectra suggest nitrogen doping of GO. Figure. 4a, b shows the FT-IR bands of ZnO and ZnO-NG. The absorption band at 450 cm −1 is attributed to the stretching modes of Zn-O. Furthermore, it is observed that almost all the characteristic bands of oxygen containing functional groups (C=O, O-H, C-OH and C-O-C) disappeared in the FT-IR spectrum of ZnO-NG suggesting the nitrogen doping of graphene oxide and uniform anchoring of ZnO onto the surface of NG 51 . The results above show the heteroatom N was entered in the graphene structure and the ZnO-NG composites were prepared favourably.
Raman Analysis
The Raman spectrum of the as synthesized NG and ZNG-4 are shown in Figure 5a and 5b respectively. In the Figure. der and hybridization caused by heteroatom (nitrogen/ oxygen) doping and structure defects. Therefore, the relatively increased intensity of the D band for NG indicates that the content of disordered carbon increases, particularly by nitrogen doping.
4. SEM and TEM Analysis
Figure. 6a and 7a depicts scanning electron microscopy and transmission electron microscopy images of as prepared GO respectively. The scanning electron microscopy, suggested layered structure and crumpled surface morphology of as synthesized graphene oxide. Furthermore, by analysing the TEM image ( Figure. 7a ) it was revealed that GO has stacked layer by layer structure and has morphology like the wrinkled paper. The morphological changes can be attributed to excessive carboxylic, phenolic and epoxy functional groups on the basal plane of GO. The curled and overlapped nanosheets of GO can be clearly observed. Figure. 6b and Figure. 7b represent nitrogen-doped graphene nano-sheets which shows a highly wrinkled topology, by virtue of stable thermodynamic bending. 45, 46 SEM image of the ZnO is shown in Figure. 6c which suggested rectangular rods like morphology of the prepared sample. Figure. 6d is SEM image of ZNG-4 sample which clearly shows a uniform distribution of ZnO on the surface of NG. Furthermore the SEM results are supported by TEM analysis of ZnO and ZNG-4 as shown in Figure. 7c and d respectively. The morphological features of prepared nanostructures are in close agreement with reported literature. 52 The particle size data obtained from TEM data by using Image J software are in very close agreement to the size calculated from the Debye-Scherrer method. The ZnO-NG composites shows better photocatalytic activity than ZnO. The decomposition rate of MB for ZnO was found 58% but on the introduction of nitrogen doped graphene the decomposition rate was increased to 76%, 88%, and 93% corresponding to ZNG-1, ZNG-2, ZNG-3 respectively. And for the ZNG-4 it reaches a maximum value of 99.5%. These results shows that the presence of nitrogen doped graphene has vital importance in the photocatalytic process and can be shown by the plot of C t /C 0 versus time (min). The degradation process for the various photocatalysts was shown in the Figure. 7.
5. Photocatalytic Measurements
6 Mechanism of Photocatalysis
A possible mechanism of photocatalytic degradation of MB over the ZnO-NG nanocomposite has been suggested based on the photocatalytic studies as shown in Figure. 9 . Upon the visible light irradiation, the electrons are excited in the valence band (VB) to the conduction band (CB) of ZnO nanoparticles, thus generating holes (h + ) in the VB. The electron produced transferred to the CB of carbon layers of nitrogen doped graphene and which discharge the photogenerated electrons which get reacted with the oxygen (O 2 ) to produce super oxide anion radicals (O 2. ). The huge separation rate of h + easily reacts with water molecules (H 2 O) to generate the hydroxyl radicals (OH . ). The presence of the above radicals results into the degradation of the adsorbed MB dye onto the surface of ZnO-NG nanocomposite. The effective electron transfer process with nitrogen doped graphene layers as electron receiver and transporter leads to the enhanced photocatalytic activity of the ZnO-NG nanocomposite under the visible light irradiation. Nitrogen doped graphene prevents electron-hole pairs recombination onto the surface of ZnO nanoparticles (NPs). [53] [54] [55] So, the enhancement of photocatalytic activity was given to the synergistic effect between ZnO NPs and nitrogen doped graphene layers. Furthermore the role of NG in in photodegradation of MB might be double fold;
1. Nitrogen doped graphene (NG) increases adsorption of tested dyes (MB) on the surface of ZNG photocatalyst(s), as result of π-π conjugation between aromatic region of the dye and nanosheets of nitrogen doped graphene. 56, 57 2. It is also helpful in suppression of recombination of charges in ZnO, as NG acts as photoelectron ac- ceptor and there by facilitate a higher photocatalytic activity of prepared nanocomposites. 58, 59
7. Recyclability and Reusability of As-Synthesised Photocatalyst (ZNG-4)
For a greener-ecofriendly approach and practical applications, reuse and recyclability of a phocatalyst is prime requirement. This makes the process cost effective and free of waste. The reusability and recycling efficiency of as-synthesized photocatalyst (ZNG-4) was tested against photodegradation of methylene blue (MB). It can be noted that photocatalyst (ZNG-4) shows appreciable activity even after the five cycles. The results are shown in Figure. 
Conclusions
In conclusion, we have reported the structural, photocatalytic properties of ZnO, ZnO-NG nanocomposites prepared by hydrothermal method. PXRD patterns are in well agreement with the ZnO and nitrogen doped graphene structure. SEM and TEM images reveal the morphological and topological features of nitrogen doped graphene, ZnO, ZnO-NG respectively. The crystallite size of synthesized nanocomposites as calculated from PXRD and TEM analysis was found to be in the range of 80-120 nm. The photocatalytic results show that photodegradation of MB in presence of nanocomposites was enhanced compared to bare ZnO.
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